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Reactions of Triply~bond.d Dia tal Compounds. Reversible Addition of

Carbon Monoxide to a Be~aki~ (alkoxy)dimolybd.num Compound . A Molecule

with a Carbonyl—bridged Xetal—to 4fecal Double Bond.

I Sir:

We report here our initial observ ations on a ser ies of most remark-

able reactions involving carbon monoxide and Mo2(Oft)6 compounds, which

contain unbridged metal—to—metal triple bonds •
• Likens solutions of Mo2 (OR)6 compounds where R — M 3C, )I 2CH and

N 3CCH2, rapidly absorb carbon monoxide at room temperature to give dark

solut ions.2 Upon exposure to two equivalents of CO, crystalline compounds

have been obtained merely by cooling the alkane solutions to Li —10 C•

Black crystalline compounds of empirical formula Mo(OR) 3C0 have been

a obtained for K fle2CH and M.3CCB2 and a prel iminar y X—ray investigatio n has

‘~ shown that the isoprop oxide is tetr anuclear , Mo4 (OPr1~~(CO)4. Th. ZR

spectrum of the Latt?r compound shows four well—resolved and sharp bands

of approxi mately equal intensity assignable to coordinated carbonyl ligands:

1957 , 1882 , 1837 and 1819 cm 1
~. When K — Me3C, a dark purple crystalline

compound , Mo2 (OBut)6C0, I , was obtained which showed only one 1K band , at

1670 cm~~, assignable to a carbonyl group .

All the new carbonyl compounds are thermall y labile . I readil y

loses CO on heating j
~~ 

vacuo and Mo (oaut)6 is recovered. Carbon monoxide

j 1 is also lost in solution under a nitrog in purge or und er vacuum. This

establishes the reversibilit y of reaction 1 below .

Mo2 (OBut )6 + CO Mo2(OBu
t)6C0 

(1)

4
4

4:1
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The black crys~allims eo.pounds.Mo4 (OR)~~ (CO)4~ where K — M 2CE ~~~

MS3CCIr yield Wo(C0) 6 at SVC, io 2 Torr and )
~o2(0t)8 compounds at 80—lOO’C,

io 2 Torr. Other non—volat ile products are as yet uncharacter ized in these

ther mal decomposition reactio ns.

Upon exposure to en excess of CO (1 Laos) Mo2 (OR)6 compounds react

further . For ava~pl., after exposing a h~~”. solutio n of Mo2 (OBui~)6 to an

excess of CO (1 atmos) for 12 hr the solvent was stripped , leaving a black

poi~~ery residue which showed the fbllowing ZR bands assignable . to carb onyl

: 1 groups: 2022m, 1985vs , four overlapp ing bands at Li• 1930, all strong ,

1830w, l69Ovw, 1670w and 1630w ca4. The band at 1985 ca 1 is assignable

• 
to 14o(CO) 6 and even at room temperature , 1 atmos, this compound slowly sub—

limes out of the black residue . Thus it appears that formation of I

represents merely the first step In a chain of reactions which leads to

Mo(CO) 6 amongst other as yet uncharac terized products. We proceeded

directly toward a full structural characterization of the novel carbonyl

compound , I.
I

• 

- i Crystals of I consist of discrete dinuclear molecules with the structure

shown in Fig . 1. Hers we omit, for the sake of clarity, the (CH3)3C groups .

Each molecule possesses a crystallographically4 imposed mirror plane containing

~ I 
01, Cl , 02 and 03 and bisecting the Mo—Mo bond. The virtu al sy etry of

the molecule is C2~ . The coordination polyhedron about each metal atom is

a distorted square pyramid with the Mo to carbonyl carbon bond at the apex.

Vi believe the Mo—Mo bond has a for~al bond order of 2. The molecule

is diamagnetic and the electron counting for each molybdenum atom may be

conducted as follow.: the neutral Mo atom has 6 electrons, each terminal RO

group contributes 1 as does the bridging CO group, and the pair of bridging

10 groups contribute 3 electron. to each metal atom. Thua , before metal—metal

t 1
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H bond formation is considered, each metal atom has 12 electrons. To account
- readily for di~~~gtistjam, an Mo-Mo bond of even order should be present.
- With a distance of 2.489(l)A, the only reasonable conclusion is a bond

order of 2.

- Metal to metal 
- bonds of ord•rs 1, 3 and 4 are , of course , very

* numerous and well—known, but not many double bonds have been observed

to date . For molybdenum there h*vt not pr eviously been any unambiguous
- cases5 except for that in Mo2 (0Pr~)3 ,6 where the Mo—Mo distance , 2.523(1)A ,

11 - 

is very similar to the one found here. It is notewo rthy that In the
isopropoxide also the metal atoms have formal 14—electron conf igurations , but

the coordination polyhedron is a trigonal bipyramid.

In conclusion we emphasize the following:

1) This work provide s the first synthesis and structural characterization

of a compound In which a carbo nyl ligand bridges a meta l—to-metal double bond ,

as well as only the second “n~~biguous exampl, of an Mo — Mo bond

2) To our knowlefge the reversible reaction 1 has but one anology ,

f’ n ely, the recently reported reversible CO insertion into a Pd—Pd single
i 

- 

bomid.7

P62 (dps)222 + CO : Pd2 (dpm)2X2C0 -

where I — Cl , It and dpm — Ph2PCH2PPh2.

- 
3) The f eemseise of Me(CO)

6 meder the eztrsmsly mild conditions reported

- 
- bus is qwit. remarkable. Indeed, the reaction between ?f02 (OR)6 compounds

aed CO may pv.~. aymah.tically useful for the synthesis of labelled com—

pomade N.(*CO)
6
. -
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Supplementary M~itsrisl . A Table (1 page) of atomic positional

and thermal par ters. Ordering information is given on any current

masthead page.
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4 0.O’cZeO4oIa)Ø0.O were collected at 22’C using floRa radiation

(a • 0.710730*) and the 1237 reflections having I’3a(I) were retained
- as observed. The structure was solved using standard heavy atom
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Figure 1. A view of the coordination goemetry of I, Mo2 (OBut ) 6(CO) ,

showing the main internuclear distances. Each atom is represented

by its ellipsoid of thermal vibration, scaled to enclose 40Z of the

I 
electron density. The tertiary butyl grou ps are omitted for clarit y.
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